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EXAMINER'S AMENDMENT 

1 . 1-4, 6-21 , 23-26, 28-45, 47, 48, 50, 51 , 53-57, and 60-65 are pending in the 
instant application. 

2. An examiner's amendment to the record appears below. Should the changes 
and/or additions be unacceptable to applicant, an amendment may be filed as provided 
by 37 CFR 1 .312. To ensure consideration of such an amendment, it MUST be 
submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 
with Kimton N. Eng on April 1 1 , 2006. 

The application has been amended as follows wherein the following versions of 
claims 1, 6, 7. 10. 12. 14. 16, 17, 19, 21. 24-26. 30. 32, 34. 36. 37. 39. 40. 42. 44. 45, 
48, 51, 53-55, 57, 60, 61 replace all prior versions in their entirety, and claims 63-65 are 
cancelled. 

1 . A clock synchronization circuit adapted to receive an input clock signal and 
adapted to receive current data signals and respective future data signals, the clock 
synchronization circuit comprising: 

a logic circuit coupled to receive the future data and current data signals, and 
operable to develop a plurality of phase shift control signals in response to the future data and 
current data signals; and 

a phase shift circuit adapted to receive the input clock signal and coupled to the logic 
circuit to receive the plurality of phase shift control signals, and operable to generate a phase 
shifted clock signal having a phase shift relative to the input clock signal that is a function of the 
current and respective future data signals r e sponsiv e to th e i nput c l ock s i gna l, the phase shifted 
clock signal having a delay determined by the plurality of phase shift control signals. 
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6. The clock synchronization circuit of claim 1 wherein the logic circuit 
comprises a plurality of XNOR gates, each XNOR gate receiving a r e sp e ct i v e futur e current data 
signal and the its respective future corr e spond i ng curr e nt data signal and developing a 
corresponding one of the plurality of phase shift control signals responsive to the future data and 
current data signals. 

7. The clock synchronization circuit of claim 1 wherein the phase shift circuit 

comprises: 

a plurality of switching circuits coupled to an output node, each switching circuit 
coupled to the logic circuit to receive a respective one of the plurality of phase shift control signals 
and operable responsive to the respective one of the plurality of phase shift control signal having 
a first state to couple a first phase shift element to the output node and operable responsive to 
the respective one of the phase shift control signal having a second state to couple a second 
phase shift element to the output node; 

an input circuit having an input adapted to receive the input clock signal and having 
an output coupled to the output node, and being operable to develop a charging signal on the 
output node responsive to the input clock signal, the charging signal having a delay in reaching a 
threshold value that is determined by the first and second phase shift elements coupled to the 
output node; and 

an output circuit coupled to the output node and operable to develop the phase 
shifted clock signal responsive to the charging signal reaching the threshold value. 

10. The clock synchronization circuit of claim 9 wherein each of the plurality of 
switching circuits comprises a first transistor coupled in series with the corresponding first 
capacitor between the output node and a reference voltage source, and further comprises a 
second transistor coupled in series with the corresponding second capacitor between the output 
node and the reference voltage source, the first and second transistors of each of the plurality of 
switching circuits each tr a ns i stor having a control terminal coupled to receive the corr e spond i ng 
phase shift control signal of its particular switching circuit . 

12. The clock synchronization circuit of claim 5 1 wherein the phase shift circuit 

comprises: 

an input circuit adapted to receive the input clock signal and being operable to 
develop an output signal on an output responsive to the input clock signal; 
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an output circuit having an input coupled to a charging node and being operable to 
develop the phase shifted clock signal responsive to a charging signal on the charging node 
reaching a threshold value; and 

a plurality of switching circuits coupled in series between the output of the input 
circuit and the charging node; each switching circuit coupled to the logic circuit to receive a 
respective one of the phase shift control signals and operable responsive to the its respective 
phase shift control signal having a first state to provide a first phase shift element and operable 
responsive to the its respective phase shift control signal having a second state to provide a 
second phase shift element, the combination of first and second phase shift elements coupled in 
series controlling a rate at which the charging signal reaches the threshold value. 



14. The clock synchronization circuit of claim 12 wherein each first phase shift 
element comprises a resistor and each second phase shift element comprises a transistor having 
signal terminals coupled in parallel with the its corresponding resistor and having a control 
terminal coupled to receive the its corresponding phase shift control signal. 

16. The clock synchronization circuit of claim & I wherein the d e lay phase shift 
circuit comprises: 

an input circuit adapted to receive the input clock signal and including a supply node, 
the input circuit operable to develop the phase shifted clock signal responsive to the input clock 
signal, the phase shift of the phase shifted clock signal being a function of a supply current 
provided to the supply node; and 

a plurality of switching circuits coupled in parallel between a supply voltage source 
and the supply node, each switching circuit coupled to the logic circuit to receive a respective one 
of the phase shift control signals and operable responsive to its respective the phase shift control 
signal having a first state to provide a first current to the supply node and operable responsive to 
its respective the phase shift control signal having a second state to provide a second current to 
the supply node, the combination of first and second currents from the plurality of switching 
circuits controlling the supply current provided to the supply node. 

17. The clock synchronization circuit of claim 16 wherein each switching circuit 
comprises a transistor having signal terminals coupled between the supply voltage source and 
the supply node, and having a control terminal coupled to receive the its corresponding d el ay 
phase shift control signal. 
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19. The clock synchronization circuit of claim 16 wherein the input circuit 
comprises a first inverter coupled to receive the input clock signal and including the supply node, 
and a second inverter coupled in series with the first inverter and operable to develop the phase 
shifted d el ay e d clock signal responsive to an output signal from first inverter. 

21 . A data output circuit, comprising: 

a plurality of data drivers, each data driver adapted to receive a respective read data 
signal and being operable to store the respective read data signal in response to a phase shifted 
clock signal and output the stored respective read data signal as a corresponding output data 
signal; and 

a clock synchronization circuit adapted to receive an input clock signal and adapted 
to receive the plurality of respective read and corresponding output data signals, and coupled to 
the plurality of data drivers, the clock synchronization circuit operable to generate a-the phase 
shifted clock signal in response to the input clock signal and apply the phase shifted clock signal 
to clock the plurality of respective read data signals out of the plurality of data drivers as the 
corresponding plurality of output data signals, the clock synchronization circuit operable to 
op e rabl e to add a first phase shift increment to the phase shift of the phase shifted clock signal 
for each of the plurality of read data signals and corresponding output data signals having the 
same logic state, and operable to alternatively add a second phase shift increment to the phase 
shift of the phase shifted clock signal for each of the plurality of read data signals and 
corresponding output data signals having complementary logic states. 

24. The data output circuit of claim 21 wherein the phase shift of the phase 
shifted clock signal comprises a phase shift having a value that is a function of the logic states of 
the plurality of respective read data and corresponding output data signals. 

25. A data output circuit, comprising: 

a plurality of data drivers, each data driver adapted to receive a respective read data 
signal and being operable to store the respective read data signal in response to a phase shifted 
clock signal and output the stored respective read data signal as a corresponding output data 
signal; 

a logic circuit coupled to receive the plurality of respective read data and the 
corresponding output data signals, and operable to develop a plurality of phase shift control 
signals in response to the plurality of respective read data and the corresponding output data 
signals; 
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a plurality of switching circuits coupled to an output node, each switching circuit 
coupled to the logic circuit to receive a respective one of the phase shift control signals and 
operable responsive to the respective one of the phase shift control signal having a first state to 
couple a respective first delay element to the output node and operable responsive to the 
respective one of the phase shift control signals having a second state to couple a respective 
second delay element to the output node; 

an input circuit having an input adapted to receive an input clock signal and having 
an output coupled to the output node, and being operable to develop a charging signal on the 
output node responsive to the input clock signal, the charging signal having a delay in reaching a 
threshold value that is determined by the first and second delay elements coupled to the output 
node; and 

an output circuit coupled to the output node and operable to develop the phase shift 
clock signal responsive to the charging signal reaching the threshold value. 

26. The data output circuit of claim 25 wherein the logic circuit comprises a 
plurality of XNOR gates, each XNOR gate receiving one of the plurality of respective read data 
and corresponding output data signals and developing a corresponding one of the plurality of 
phase shift control signals responsive to the one of the plurality of respective read data and 
corresponding output data signals. 

30. The data output circuit of claim 29 wherein each of the plurality of switching 
circuits comprises a first transistor coupled in series with the respective first capacitor between 
the output node and a reference voltage source, and further comprises a second transistor 
coupled in series with the respective second capacitor between the output node and the 
reference voltage source, the first and second transistors of each of the plurality of switching 
circuits each transistor having a control terminal coupled to receive the corr e sponding phase shift 
control signal of its particular switching circuit . 

32. The A data output circuit comprising of c l a i m 25 wh e r ei n th e phas e sh i ft 
circu i t compris e s : 

a plurality of data drivers, each data driver adapted to receive a respective read data 
signal and being operable to store the respective read data signal in response to a phase shifted 
clock signal and output the stored respective read data signal as a corresponding output data 
signal; 
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a logic circuit coupled to receive the plurality of respective read data and 
corresponding output data signals, and operable to develop a plurality of phase shift control 
signals in response to the plurality of respective read data and corresponding output data signals; 

an input circuit adapted to receive an the input clock signal and being operable to 
develop an output signal on an output responsive to the input clock signal; 

an output circuit having an input coupled to a charging node and being operable to 
develop the phase shifted clock signal responsive to a charging signal on the charging node 
reaching a threshold value; and 

a plurality of switching circuits coupled in series between the output of the input 
circuit and the charging node; each switching circuit coupled to the logic circuit to receive a 
respective one of the phase shift control signals and operable responsive to its respective the 
phase shift control signal having a first state to provide a first delay element and operable 
responsive to its respective the phase shift control signal having a second state to provide a 
second delay element, the combination of first and second delay elements coupled in series 
controlling a rate at which the charging signal reaches the threshold value. 

34. The data output circuit of claim 32 wherein each first delay element 
comprises a resistor and each second delay element comprises a transistor having signal 
terminals coupled in parallel with the its corresponding resistor and having a control terminal 
coupled to receive the its corresponding phase shift control signal. 

36. The A data output circuit comprising of c l aim 25 wh e r ei n th e phas e sh i ft 
c i rcuit compris e s : 

a plurality of data drivers, each data driver adapted to receive a respective read data 
signal and being operable to store the respective read data signal in response to a phase shifted 
clock signal and output the stored respective read data signal as a corresponding output data 
signal: 

a logic circuit coupled to receive the plurality of respective read data and 
corresponding output data signals, and operable to develop a plurality of phase shift control 
signals in response to the plurality of respective read data and corresponding output data signals; 

an input circuit adapted to receive an the input clock signal and including a ground 
supply node, the input circuit operable to develop the phase shifted clock signal responsive to the 
input clock signal, the phase shift of the phase shifted clock signal being a function of a supply 
current provided to the supply node; and 
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a plurality of switching circuits coupled in parallel between a ground voltage source 
and the ground supply node, each switching circuit coupled to the logic circuit to receive a 
respective one of the phase shift control signals and operable responsive to its respective the 
phase shift control signal having a first state to provide a first current to the supply node and 
operable responsive to its respective the phase shift control signal having a second state to 
provide a second current to the ground supply node, the combination of first and second currents 
from the plurality of switching circuits controlling the sink current provided to the ground supply 
node. 

37. The data output circuit of claim 36 wherein each switching circuit comprises a 
transistor having signal terminals coupled between the ground voltage source and the supply 
ground node, and having a control terminal coupled to receive the its corresponding phase shift 
control signal, and one an additional switching circuit comprises a transistor having signal 
terminals coupled between the ground voltage source and the ground supply node and having a 
control terminal adapted to receive a bias voltage. 

39. The data output circuit of claim 36 wherein the input circuit comprises a first 
inverter coupled to receive the input clock signal and including the ground supply node, and a 
second inverter coupled in series with the first inverter and operable to develop the delayed clock 
signal responsive to an output signal from first inverter. 

40. A memory device, comprising: 
an address bus; 

a control bus; 
a data bus; 

an address decoder coupled to the address bus; 
a read/write circuit coupled to the data bus; 
a control circuit coupled to the control bus; 

a memory-cell array coupled to the address decoder, control circuit, and read/write 

circuit; and 

a clock synchronization circuit adapted to receive an input clock and coupled to the 
read/write circuit to receive current data signals and respective future data signals, the clock 
synchronization circuit comprising: 
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a logic circuit coupled to receive the future data and current data signals, and 
operable to develop a plurality of phase shift control signals in response to the future data and 
current data signals; and 

a phase shift circuit adapted to receive the input clock signal and coupled to the logic 
circuit to receive the plurality of phase shift control signals, and operable to generate a phase 
shifted clock signal having a phase shift relative to the input clock signal that is a function of the 
current and future data signals r e sponsiv e to th e i nput clock s i gna l, the phase shifted clock signal 
having a delay determined by the plurality of phase shift control signals.,, and the phase shifted 
clock signal being applied to data drivers in the read/write circuit to clock data onto the data bus. 

42. A computer system, comprising: 
a data input device; 
a data output device; 

a processor coupled to the data input and output devices; and 

a memory device coupled to the processor, the memory device comprising, 

an address bus; 

a control bus; 

a data bus; 

an address decoder coupled to the address bus; 
a read/write circuit coupled to the data bus; 
a control circuit coupled to the control bus; 

a memory-cell array coupled to the address decoder, control circuit, and read/write 

circuit; and 

a clock synchronization circuit adapted to receive an input clock and coupled to the 
read/write circuit to receive current data signals and respective future data signals, the clock 
synchronization circuit comprising: 

a logic circuit coupled to receive the future data and current data signals, and 
operable to develop a plurality of phase shift control signals in response to the future data and 
current data signals; and 

a phase shift circuit adapted to receive the input clock signal and coupled to the logic 
circuit to receive the plurality of phase shift control signals, and operable to generate a phase 
shifted clock signal having a phase shift relative to the input clock signal that is a function of the 
current and future data signals r e spons i v e to th e i nput c l ock s i gna l, the phase shifted clock signal 
having a delay determined by the plurality of phase shift control signals^ and the phase shifted 
clock signal being applied to data drivers in the read/write circuit to clock data onto the data bus. 
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44. A method of providing a plurality of data signals out of an integrated circuit in 
synchronism with a clock signal applied to the integrated circuit, the method comprising: 

detecting a respective first logic state of each of the plurality of data signals; 
detecting a respective second logic state of each of the plurality of data signals; 
determining an output delay from the plurality of detected respective first and second 
logic states; and 

adjusting a delay interval relative to a transition of the clock signal based on the 
determination by adding a first delay increment to the output delay for each corresponding pair of 
detected respective first and second logic states of each data signal where the detected 
respective first and second logic states are equal, and adding a second delay increment to the 
output delay for each corresponding pair of detected respective first and second logic states of 
each data signal where the detected respective first and second logic states are unequal; and 

outputting the plurality of data signals having the second logic state from the 
integrated circuit in response to the adjusted delay interval. 

45. The method of claim 44 wherein the respective first logic state of each of the 
plurality of data signals comprises a current logic state and wherein the respective second logic 
state of each of the plurality of data signals comprises an upcoming logic state of th e data signa l. 

48. A method of delaying a plurality of data signals relative to a clock signal, 

comprising: 

detecting a respective current logic state of each of the plurality of data signals; 

detecting a respective future logic state of each of the plurality of data signals; 

determining an output delay having a value that is a function of the plurality of 
detected respective current and future logic states for each data signal; and 

delaying the plurality of data signals hav i ng th e futur e l ogic stat e by the determined 
output delay relative to the clock signal by adding a first delay increment to the output delay for 
each corresponding pair of respective current and future logic states of each data signal where 
the detected respective current and future logic states are equal, and adding a second delay 
increment to the output delay for each corresponding pair of respective current and future logic 
states of each data signal where the detected respective current and future logic states are 
unequal. 



51. A method of providing a plurality of data signals out of an integrated circuit, 
the method comprising: 
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detecting respective current and future logic states for each of the plurality of data 
signals, each the plurality of data signals having the their respective current logic states having a 
phase shift relative to a clock signal; 

adjusting the value of the phase shift as a function of the a number of the plurality of 
data signals for which the values of the their respective current and future logic states are equal 
and adjusting the value of the phase shift as a function of toe a number of the plurality of data 
signals for which toe their respective current and future logic states are unequal; and 

outputting the respective future logic state for each of the plurality of data signals, 
with each of the plurality of data signals having toe its respective future logic state being phase 
shifted by the adjusted value of the phase shift. 

53. The method of claim 51 wherein adjusting the value of the phase shift as a 
function of the number of the plurality of data signals for which the values of toe their current and 
future logic states are unequal comprises decreasing a delay for each of the plurality of data 
signals for which the values of toe their current and future logic states are unequal. 

54. The method of claim 53 wherein adjusting the value of the phase shift as a 
function of the number of the plurality of data signals for which the values of toe their current and 
future logic states are equal comprises increasing a delay for each the plurality of data signals for 
which the values of toe their current and future logic states are equal. < 

55. The method of claim 52 51 wherein adjusting the value of the phase shift as 
function of the number of the plurality of data signals for which the values of toe their current and 
future logic states are unequal comprises adding a first delay increment to the phase shift fef 
each such dat a s i gna l, and wherein adjusting the value of the phase shift as function of the 
number of the plurality of data signals for which the values of toe their current and future logic 
states are equal comprises adding a second delay increment to the phase shift for e ach such 
data signa l. 

57. A method of providing a plurality of data signals out of an integrated circuit in 
synchronism with a clock signal applied to the integrated circuit, the method comprising: 

detecting a respective current logic state of each of the plurality of data signals; 

detecting a respective upcoming logic state of each of the plurality of data signals; 

for each of the plurality of data signals, d e fin i ng a group of data signals a ssociat e d 
w i th th e data s i gnal, comparing toe their current and future logic states of th e data signals i n th e 
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group of data s i gna l s , and adjusting the an output delay of the plurality of data signals as a 
function of the current and future logic state s of th e data signals in th e group of data signa l s ; and 
for each of the plurality of data signals, outputting the data s i gnal hav i ng th e second 
logic states in accordance with the determination of the r e spect i v e output delay for e ach data 
s i gna l from th e i nt e gr a t e d c i rcu i t . 

60. The method of claim 57 wherein e ach group the plurality of data signals 
includes four data signals. 

61 . The method of claim 60 wherein adjusting the output delay of the plurality of 
data signals as a function of the current and future logic states of the plurality of data signals m 
th e group comprises adjusting the output delay to a first value when the current and future logic 
states of all data signals i n th e group are equal, adjusting the output delay to a second value 
when the current and future logic states of one of the plurality of data signals in th e group is 
changing, adjusting the output delay to a third value when the current and future logic states of 
two of the plurality of data signals in th e group are changing, and adjusting the output delay to a 
fourth value when the current and future logic states of more than two of the plurality of data 
signals in th e group are changing. 

63. (Cancelled) 

64. (Cancelled) 

65. (Cancelled) 

Claims 1-4, 6-21, 23-26, 28-45, 47, 48, 50, 51, 53-57, and 60-62 are 
renumbered respectively as claims 1-54, and the claim dependency is renamed 
accordingly. 
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Allowable Subject Matter 

3. The following is an examiner's statement of reasons for allowance: 

Claims 1-4, 6-21 , 23-26, 28-45, 47, 48, 50, 51, 53-57, and 60-62 renumbered 
respectively as claims 1-54 are allowed because the prior art of record does not 
disclose or obviate phase shifting a clock signal according to a difference between 
current and future states of a data signal wherein the phase shifted clock signal is used 
to latch future data into current data. 

Any comments considered necessary by applicant must be submitted no later 
than the payment of the issue fee and, to avoid processing delays, should preferably 
accompany the issue fee. Such submissions should be clearly labeled "Comments on 
Statement of Reasons for Allowance." 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Jason M. Perilla whose telephone number is (571) 272- 
3055. The examiner can normally be reached on M-F 8-5 EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Chieh M. Fan can be reached on (571) 272-3042. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 




Jason M. Perilla 
April 10, 2006 
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